Two short prototypes of the new HERA superconducting dipole magnets with 75 mm inner bore have been built and tested in a bath cryostat. Both coils have reached the short sample current of the cable after a few training steps. The quench current depends linearly on the temperature between 4.0 and 5.0 K. The field quality of both coils is in general within speci'fications. There is no current dependence of the higher harmonics except for the well-known hysteresis due to persistent currents.
Abstract
Two short prototypes of the new HERA superconducting dipole magnets with 75 mm inner bore have been built and tested in a bath cryostat. Both coils have reached the short sample current of the cable after a few training steps. The quench current depends linearly on the temperature between 4.0 and 5.0 K. The field quality of both coils is in general within speci'fications. There is no current dependence of the higher harmonics except for the well-known hysteresis due to persistent currents.
T ntroducti on The proposed electron proton storage ring HERA requires superconducting dipoles, quadrupoles and correction elements for acceleration and storage of 820 GeV protons.
At the time of the ECFA study for HERA (1980) , the only successful concept suitable for mass production of superconducting magnets was that of the Energy Saver magnet at Fermilab . Many principles of this concept have therefore been adopted.
Following the concept of the first ECFA study, three warm bore, warm yoke prototype dipoles of reduced length (1 m) with 100 mm inner coil diameter and 4.73 T nominal central induction were built and tested successful ly33.
Meanwhile, a review of the proposal has resulted in major changes of the concept4, mainly for cost reasons. The new design contains cold bore, warm yoke magnets of 75 mm inner coil diameter, 4 .53 T nominal induction and 6.08 m effective magnetic length.
Before producing full size prototypes, two coils of 1 m length have been fabricated and tested.
General Magnet Description A cross section through the magnet is shown in Fig. 1 . The main parameters are listed in Table I . The Coil A more detailed cross section of the coil is shown in Fig. 3 . The upper and lower half coils are fabricated separately. There are 32 turns in the inner and 19 turns in the outer half coil. At the ends of the inner coil, 25 mm wide spacers of glass fibre reinforced epoxy (Gil) are placed behind turns 1, 3 and 9 in order to avoid a field enhancement . The cured inner half coil is covered by a 0.5 mm thick Gil layer with slots for helium penetration. The outer half coil is wound and cured on top of this. To assure high cross sectional accuracy, both the winding mandrel and the curing molds are made from punched laminations. stainless steel clamps are placed around the coil from top and bottom, interlacing each other like combs. These collars are then pressed together in a large hydraulic press until 10 mm thick rods can be fitted through in the medium plane to lock the collars. This design allows to open the collars without destruction if a reshimming of the coil should be necessary. A force of about 450 tons has been applied to close the collars of the 1 m long coils.
Test Results Both coils have been tested in a vertical helium bath cryostat to measure the quench behaviour and the field quality.
The first quench tests have been made at a fixed temperature of 4.6 K. Both coils showed some training (3 steps for 1Si, 11 steps for 1S2 to reach the design current).
The maximum quench current is plotted in Fig. 4 Before starting the field measurements the current was ramped up to 6000 A and down to zero again. The measurements of the harmonics have been performed at a number of different currents along a second complete cycle.
The harmonic coefficients as measured at 6000 A are listed in Table III mal sextupole b shows the well-known hysteresis due to persistent currhnts. This is seen more clearly in Fig. 6 . There is a slight shift between the curves of iSi and 1S2 which may also be due to the different conductors used. The harmonic coefficients are constant at high currents. This proves that the coils are clamped with sufficient precompression.
